The "overlapping equilibria" effect observed in the processes of electrolytic dissociation of many weak multibasic organic acids determines the character of these processes. In this communication, the degree of "overlapping equilibria" in case of weak dibasic organic acids is quantitatively characterized by the values of "partial" degree of dissociation for second step and ratio of the concentrations of dianion and monoanion. It has been shown that these dissociation parameters are directly connected with the values of the second dissociation constant. It has been also shown that the contribution of third dissociation step in the "overlapping equilibria" effect is especially appreciable in case of penta and hexabasic weak organic acids causing the double "overlapping" phenomenon.
Introduction
Organic acids and specifically weak multibasic organic acids play the great role in the existence of living organisms and in everyday life of humankind. Many multibasic organic acids are widely used in medicine, pharmacology, organic synthesis, food and cosmetic industry, analytical chemistry and many other branches. Oxaloacetic, citric, isocitric, cis-aconitic, oxalosuccinic, α-ketoglutaric, succinic, L-malic and fumaric acids participate in the complex fermentative process (the cycle of tricarboxylic acids or Krebs cycle); with the aid of this process in vital organisms, the oxidation of the main intermediate products of the cleavage of carbohydrates, fats and proteins is near completion.
The wide use of above-mentioned acids in many branches causes a great interest to their chemical behavior because their ability for reactions in various areas, the effects connected with the peculiarities of their solutions form the basis of use of these acids in the various fields. For example, an analysis of the electrolytic dissociation processes of weak multibasic organic acids gives an opportunity for conclusions about the peculiarities of formation of the hydrogen ions concentration in their solutions; this is important for the discussion of the peculiarities and possibility of the various chemical processes proceeding in these solutions.
In this communication, the effect of "overlapping equilibria" which determines the chemical behaviour (and, in particular, the peculiarities of the electrolytic dissociation) of weak multibasic organic acids is considered and analyzed.
Results and Discussion

The Effect of "Overlapping Equilibria" and Methods of Its Investigation
It is well known in the literature that an analysis of the processes of electrolytic dissociation of weak multibasic organic acids is complicated by participating of two or more dissociation steps in the formation of total hydrogen ions concentration in the acid solution. When this occurs the process is said to be overlapping. The analysis of such cases demands the use of iterative techniques, a powerful weapon in the more complex (overlapping two or more dissociation steps) situations. As a rule, the "overlapping equilibria" effect is explained in the literature by the closeness of the dissociation constant values of the adjacent steps. But the results of our investigations convince us that this explanation is not only one-sided but erroneous.
The suggested by us original method for a calculation of the main parameters of the complex processes of electrolytic dissociation of weak multibasic organic acids with the "overlapping equilibria" effect [1] - [3] was used for the investigation of these processes for a big amount of such acids with the various basicities in their dilute solutions [4] - [7] . The general mass action equations suggested by us for m dissociation step of weak multibasic organic acid H n A with the close values of dissociation constants of separate steps is written as follows: 
where K m is the thermodynamic dissociation constant of m step, α m , α m+1 and α m−1 are the usual degrees of dissociation of corresponding steps (they are equal to the ratio of the number of moles of H + ions formed in a given dissociation step to the total number of moles of acid), ' m α , ' 1 m α + and ' 1 m α − are the corresponding "partial" degrees of dissociation (they are equal to the ratio of the number of moles of anion dissociated at a given step to the number of moles of this anion formed in the previous step; for first step the concepts of usual and "partial" degrees of dissociation coincide), c is a total concentration of acid, F m is the quotient of the activity coefficients for m step:
The values of the activity coefficients can be approximated by the Debye-Huckel equation:
where a i is the cation-anion distance of closestapproach, A and B are constants depending on the properties of water at giventemperature, z i is the charge of ion. The ionicstrength and "partial" degrees of dissociation may be evaluated successively by iterative solution of the quadratic equations obtained from Equation (1) for the adjacent dissociation steps of weak organic acids with any basicity [1] - [7] . The values of the degrees of dissociation may be used for a calculation of the concentrations of the hydrogen ions, all anions and undissociated acids. , the regular dissociation degree of second step α 2 and the "partial" degree of this step ' 2 α (this term was suggested by us before [3] ). These parameters are connected by the following dependences:
The Weak Dibasic Organic Acids
In Table 1 , the values of the ratio of the first and second dissociation constants K 1 /K 2 , the ratio of the concentrations of dianion and monoanion [A ] and the "partial" degree of dissociation for second step ' 2 α are presented for 57 weak dibasic organic acids (the values of the dissociation constants were taken from [8] - [12] ). The analysis of the data of ; for other acids presented in In Figure 1 and Figure 2 , the dependence of the [A . Taking into account that these acids have the high α 1 values, the quantity of ' 2 α is very close to the value of the regular dissociation degree of second step α 2 . It is also necessary to note that the dependence of [A 2− ] and x 2 on K 2 are analogous to the dependence of ' 2 α and α 2 on K 2 (according to the Equation (4)). The same dependence is also observed for x 2 /x 1 (according to the Equation (5)).
Taking into account the mass action equation for the second dissociation step:
We may conclude that the linear dependences between the [A Figure 1 correspond to the following equation: (Figure 1) .
The dependence of ' 2 α on K 2 shown in Figure 2 also characterizes the "overlapping equilibria" effect. One can see from Figure 2 that an increase of the K 2 values causes the sharp rise of the ' 2 α values for all shown acid concentration quantities. These dependences may be described by following equation: Table 1 . The values of the ratio of first and second dissociation constants, ratio of the concentrations of dianion and monoanion and the "partial" dissociation degrees of weak dibasic organic acids with the "overlapping equilibria" effect (c = 0.0001 mol·dm -3 ). We can conclude that an interval of the K 2 values 10 -4 -10 -3 may be named as the region of strong "overlapping equilibria".
Two main dissociation parameters characterizing the degree of the "overlapping equilibria" effect are connected with each other by the Equation (6) . This dependency is shown in Figure 3 . One can see from the Equation (6) and Figure 3 is also observed the linear dependence described by Equation (8) . As the ' 2 α values in this interval of K 2 are appreciably less than 0.5, the
values are also less than 1. This interval of the K 2 values may be named as the region of weak "overlapping equilibria" effect.
In Table 2 , the intervals of the K 2 values corresponding to the different degrees of the "overlapping equilibria" effect are presented.
The Weak Multibasic Organic Acids
The "overlapping equilibria" effect is also observed in the processes of electrolytic dissociation of weak multibasic organic acids. In this case this effect has some specific peculiarities which will be considered below. In Table 3 and Table 4 the various dissociation parameters for weak tri, tetra, penta and hexabasic organic acids are presented. In Figure 4 and Figure 5 the dependences of the ratio of the anions concentrations and ' 2 α on the K 2 values are shown (the dissociation constants values were taken from [9] ). Table 2 . The intervals of the degree of the "overlapping equilibria" effect in the dilute solutions of weak dibasic organic acids (c = 0.0001 mol·dm -3 ). Table 3 . The values of the ratio of the dissociation constants for different steps, ratio of the concentrations of dianion and monoanion, trianion and dianion and the "partial" dissociation degrees for second and third steps of weak tri and tetrabasic organic acids with the "overlapping equilibria" effect (c = 0.0001 mol·dm -3 ). Table 4 . The values of the dissociation parameters for weak penta and hexabasic organic acids with the "overlapping equilibria" effect (c = 0.0001 mol·dm -3 ). One can see from the data presented in tables that there is not the clear dependence between the values of the parameters which determine the degree of "overlapping equilibria" (the ratios of the concentrations of various anions and the "partial" degrees of dissociation) and the values of the ratios of the dissociation constants of adjacent steps. At the same time one can see from Figure 4 and Figure 5 that the functional dependence exists between the values of these parameters and the K 2 values. It is interesting to note that the linear dependence between the [A 
and for tri and tetrabasic acids as follows: 
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neglected; in these conditions the Equation (10) becomes analogous to the Equation (6) . With the rise of the K 2 values the K 3 and α 3 values also increase and the dependence between the ratio of the concentrations of dianion and monoanion is deflected from linearity. The data presented in Table 3 testify that in case of weak tri and tetrabasic organic acids third dissociation step does not appreciably contribute to the "overlapping equilibria" effect. This fact is confirmed by the small values of the ratio of the concentrations of trianion and dianion and "partial" degree of dissociation for third step. One can see from Table 3 that these values at the small K 3 values are very close to each other. Taking into account the following expression: 
